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1.1. Rationale 
The main goal of this project is to quantify and understand the growth and decay of the long wavelength 

(1000 km) topography over the last 250 Myr at the scale of a continent – Africa. 
At the centre of this project is the collection and integration of a broad range of geological data pertaining 

to the quantification of the Meso-Cenozoic topography and uplift rates of the African continent. This data will be 
synthesized as (i) a collection of new-style paleogeographic reconstructions yielding, for example, the geometry 
and geomorphology of paleocatchments, (ii) paleoprecipitation maps (iii) estimates of siliciclastic sedimentary 
fluxes and (iv) new thermochronological data. The construction of these databases and maps will require new, 
targeted field campaigns.  

However, to obtain an estimate of paleotopography directly from the geological record is not possible. On 
the one hand, there exists no direct measure of past topography. On the other hand, landscape response to 
spatially varying tectonic and climatic forcing is complex. We therefore propose to quantify past topographies of 
the African continent by inverting the geological data using a sediment production (erosion) and transport 
numerical model to determine a range of acceptable uplift histories (i.e., that are compatible with the data). 

In the past two years, we have developed (at Géosciences-Rennes) a new numerical model of sediment 
production and transport at the continental scale, TOPOSED (Simoes et al, in prep.). This model will form the 
basis of the quantitative inversion of the observations to yield estimates of past topography. As part of this 
process, the model will be independently validated through local field projects targeting the quantification of the 
relative efficiency of physical and chemical erosion. 

The magnitudes and rates of uplift will then be integrated with models of flow in the underlying mantle 
and of deformation of the lithosphere to test the various hypotheses put forward for the origin and evolution of 
the past and present-day topography of the African continent such as upwelling of hot mantle material or 
delamination of the mantle part of the lithosphere. 

In the last part of our project, we propose to use our new estimates of the past topography of the African 
continent as unique constraints to better understand past sea level changes (eustasy). 

The African continent is an ideal natural laboratory to test these ideas as it has been relatively stable and 
has not undergone major tectonic activity apart from localised and fairly well documented rifting events. This is 
the first time that such an exhaustive compilation of surface geological observations will be used to constrain 
models of mantle flow and long-wavelength lithospheric deformation. 

We propose a novel approach involving the joint acquisition of relevant geological data (sedimentology, 
stratigraphy, structural geology, geomorphology, paleoweathering patterns, and thermochronology, with 
supplemental input from collaborators in seismology and mantle petrology) and the targeted use of state-of-the-
art numerical modelling tools to address a major question in the Earth Sciences. 

 
1.2. Background, objective, issues and hypothesis 
BACKGROUND AND STATE-OF-THE-ART  

Why reconstruct past topography? 
The past topography of the Earth is the product, and potentially a record, of the interactions between the 

solid Earth and its surficial envelopes occurring through geological time. However, the evolution of the Earth’s 
topography over geological time scales is poorly known, yet is critical to understanding a wide range of surface 
processes (climate change, sea level variations, erosion, global geochemical cycles, biodiversity evolution) and 
the nature of the mantle and lithospheric processes that generate much of the topography.  

Few studies have attempted to quantify large-scale paleotopography. They typically take the form of 
world-scale paleogeographic maps (Smith et al., 1994, Ziegler et al., 1997, Scotese, 2002, 2004). These 
reconstructions and the assumptions on which they are based  are mainly qualitative, and usually represented by 
“rules of thumb” deduced from present-day relationships between relief and tectonic setting (Scotese, 2004). 
Defining a method for a more rigorous quantification of paleotopography is clearly lacking and is yet of primary 
importance. 
Long wavelength uplift, mantle dynamics 

Most studies of past topography reconstruction have focussed on orogenic areas and the growth of 
mountain belts in tectonically compressive environments (e.g. Whipple, 2004; Herman and Braun, 2006). In 
comparison, little effort has been devoted to characterizing the geological evolution of more subtle long 
wavelength topography, such as the doming or plateau uplift of continental areas at the 1000 km wavelength 
(Partridge and Maud, 1987; Summerfield, 1996). 
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 The amplitude of uplift and subsidence of 
large regions of the African continent during the 
Meso-Cenozoic is substantial, yet poorly 
understood. However, for a variety of reasons, it 
offers an ideal opportunity to quantify its 
evolution through geological times: Africa is 
surrounded by passive margin basins and also has 
several intracratonic basins ensuring an excellent 
preservation of the products of continental 
erosion. The continent has remained relatively 
fixed with respect to the underlying mantle 
(Hartnady and Le Roex, 1985) at least since the 
end of the Paleozoic and has undergone only 
limited and localized compressional tectonic 
activity (mainly in the Atlas Mountains). 
Consequently, it is generally agreed that the long 
wavelength topography of the continent reflects 
mantle or lithospheric dynamics (Nyblade & 
Robinson, 1994; Conrad and Gurnis, 2003; 
Nyblade & Sleep, 2003) although the exact nature 
of the key processes remains unclear. Central to 
this debate is the age of the topography (Conrad 
and Gurnis, 2003; Forte et al., 2007), including 
the contribution from Gondwana breakup, and the 

rate of growth and decay of the long wavelength features. Thus determining the topographic evolution of the 
African continent over the past 250 Ma will provide direct constraints on the nature of the coupling between 
lithosphere/mantle dynamics and long-wavelength surface topography. 

The uplift history of Africa 
Africa’s bimodal topography is due to the contrast between NW Africa, on one hand, and the South 

African Plateau and the doming associated with the East African Rift, on another hand (Figure 1).  But the basin-
and-swell topography of the continent also highlights second-order depressions and uplifts (major uplifts being 
the Man-Leo rise, The Darfur, the Tibesti and the Hoggar, Figure 1). The mechanisms responsible for these 
features are not understood. 

For example, a wide range of hypotheses has been proposed to date and to explain the uplift of southern 
Africa, ranging from qualitative interpretations of geomorphology to quantitative models of mantle dynamics. 
Regardless of the background assumptions, they imply a wide range in the proposed timing of surface uplift, 
from periodic uplift over the Mesozoic (plume-created uplift, Nyblade and Sleep, 2003); relatively continuous 
uplift over the Mesozoic (denudational rebound reflecting a drop in baselevel after break-up of Gondwana, van 
der Beek et al, 2002); more discrete uplift starting at the end of the Triassic (dynamic rebound after slab 
detachment, Pysklywec and Mitrovica 1999); rapid Jurassic uplift (magmatic underplating, Cox, 1989), rapid 
late Cretaceous uplift (due to delamination of the lower lithosphere, Gallagher and Brown, 1999), uplift in the 
late Cenozoic (~ 30 My, Burke, 1996, ~ 3 Ma; Partridge and Maud, 1987), and variable timing (depending 
strongly on the mantle viscosity; Gurnis et al. 2000). The debate is still quite intense between geographers 
(Partridge and Maud, 1987), geologists (Burke, 1996) and thermochronologists  (Gallagher and Brown, 1999; 
van der Beek et al 2002; de Wit 2007). They now focus on two groups of ages for the uplift of the South African 
plateau and of the Leo-Man high: Late Cretaceous time  (90-80 My; Brown et al 2000; de Wit, 2007), Oligocene 
to Pliocene (45-5 Ma, Burke, 1996; Partridge and Maud, 1987), or both (polyphase history). But whatever the 
scenario, all agree that the Paleocene (65-50 My) is a quite period dominated by the development of carbonate 
platform and intense weathering (Colin et al., 2005). One of the major questions is therefore: if most of the relief 
is of Late Cretaceous age, how has this topography been preserved since 80 Ma? The same question applies for 
other uplifts in Africa, such as the Man-Leo rise (Chardon et al., 2006). The answer to this question impacts 
directly on our understanding of erosional laws over geological timescales 

Both the uplift history and amplitude are primary targets in our research program. Our objective is to 
integrate as much of the available geological data as possible, although a major effort will be dealing with the 
stratigraphic and paleogeomorphic records (sequence stratigraphic identification of periods of relief dissection / 
tectonic uplift). 

Figure 1: Present-day topography of Africa: the main long 
wave length structures
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Sediment production, erosion and transport 
No consensus exists on the quantification of the rate of surface erosion, sediment transport and deposition 

at the scale of a continent (Harrison, 2000; Hay, 1998). Much work has been devoted to understand the present-
day rate of surface erosion of continents (Pinet and Souriau, 1988; Gaillardet et al, 1997; Millot et al, 2002) and 
sediment transport by modern-day rivers (Granet et al, 2007, Dosseto et al. 2008, EPSL). These estimates are 
known to be affected by recent climate variations (Dosseto et al, 2006) and therefore difficult to extrapolate over 
geological time scales. Most attempts at quantifying the long time scale evolution of continental areas assume 
that river systems are transport limited and transport is linearly related to slope, leading to a diffusion-type 
equation (Moretti and Turcotte, 1985) for the evolution of surface topography. This approach is inappropriate 
because it does not explain the presence of high scarps, cannot capture the contribution of high-relief 
sedimentary sources, and does not allow for the possibility that continental systems may be limited by the 
availability of sediment and the geometrical complexity of sediment routing by large-scale drainage systems.  

Chemical weathering transform rocks into soils or laterites by the removal of the most soluble elements in 
surface waters. A number of parameters control the chemical nature of sediments, in particular climate and the 
rate of mechanical erosion, which remove the soils. Classically, weathering-limited and transport-limited 
regimes are cited as the extreme scenarios in which soil development, associated with low physical denudation 
(transport-limited) produce highly mature laterites and active physical erosion regimes lead to poorly chemically 
evolved material. Because chemical weathering is a neutralisation reaction between atmospheric CO2 and rocks, 
it has a global importance on the regulation of Earth’s climate at geological timescale. So far, relationships 
between climate, physical erosion and chemical weathering intensity have been documented for a number of 
cases but still remain poorly understood. Because the sediments produced by the weathering and erosion of 
Africa are preserved on the passive margins and intracratonic basins of Africa, they offer a unique opportunity to 
unravel the history of weathering and erosion of the continent and understanding the relationships between 
climate, erosion and weathering. 
 
ISSUES AND HYPOTHESES  

There is no direct record of the past topography of a continent. Geological observations can only be 
regarded as constraints against which uplift scenarios are to be tested. Such testing requires the development of a 
forward, quantitative model that can integrate the data and, ultimately, lead to predictions that are compared to 
the observations. Here we will proceed by making hypotheses on the timing and rate of surface topography 
evolution and predict (1) how surface is affected by erosion (both physical and chemical), and (2) how the 
product of this erosion is transported towards the margins of the continent.  

In the past two years, we have developed TOPOSED a quantitative model of sediment production and 
transport at the continental scale (Simoes et al, in prep). The novel aspect of our approach consists in separately 
formulating the erosion and transport processes, although we assume that both are controlled by slope and 
discharge (i.e. explicitly linked to topography). Unfortunately, an exact parameterization of the physical and 
chemical processes responsible for the erosion of continental surfaces does not exist. We therefore need to 
calibrate our model against a variety of observations and experiments. 

A second issue will be to determine which part of the observations will be used to constrain and/or build 
the model and which part of the data will be tested against the model predictions. Here we will use mostly 
geometric constraints (such as the geometry of large catchments or the distributoin of precipitations) to build the 
model, and rate or flux observations (thermochronological data and terrigeneous sedimentary flux into the 
continent marginal basins) to estimate the validity of the model predictions. 

An efficient way to proceed in the selection of the appropriate or acceptable scenarios is to use an inverse 
methodology guided by the difference (or misfit) between the model predictions and the data. This is what we 
propose to do and, more precisely, use the expertise that exists within our research team in the development and 
use of inverse (or optimization) methods. 

To understand the nature of the processes responsible for the topography of the continent (and its 
evolution through time) will also require the use of quantitative models to test hypotheses. We will use state-of-
the-art models of mantle flow and lithospheric deformation which will need to be adapted to provide accurate 
estimates of surface uplift and, ultimately coupled to the model for sediment production and transport.  

In addressing these issues, we will not only work towards the primary goals we have set to achieve (i.e., 
reconstruct the long wavelength paleotopography of the African continent and understand its origin), but we will 
also contribute to our understanding of the processes responsible for continental surface erosion and the transport 
of sediment and develop a methodology for inverting geological data that is efficient and novel. 
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1.3. Specific aims, highlight of the originality and novelty of the project 
This project is subdivided into three parts: (1) quantifying the growth history of the African topography 

over the last 250 Myr; (2) calibrating and using a quantitative model of surface processes to derive a range of 
acceptable uplift histories from the data; (3) assessing the geodynamical processes causing the topography. 

GROWTH HISTORY OF THE AFRICAN TOPOGRAPHY OVER THE LAST 250 MY 

Scientific objectives: 
• to build a set of paleogeographic maps of Africa focussed on the continental domain; 
• to map, quantify and date the main surface weathering erosion processes and events; 
• to build paleoprecipitation maps; 
• to extend selectively the apatite fission track database of Africa; 

Advances:  
• The compilation of continental-scale, paleotopographic maps based on a large, novel paleogeographical 

dataset of Africa to be made available to the entire community as an Geographic Information System 
(ArcGIS) database; 

• The characterisation of the timing and spatial distribution of uplift of Africa based on geological data; 
• To build paleoprecipitation maps using up-to-date GCM simulations constrained by geological data  

Challenges:  
• to synthesise 80 years of geological knowledge of Africa and acquire new, local pertinent data to build the 

continental-scale paleogeographical maps, 
• to quantify terrigenous fluxes on the margins based on the pre-existing published data, 

INVERTING THE DATA THROUGH A SURFACE PROCESSES MODEL TO DERIVE AN UPLIFT HISTORY 

Scientific objectives: 
• to further develop and constrain a new  numerical model of sediment production and transport TOPOSED, at 

the continental scale 
• Determine the weathering history of Africa, by determining source areas submitted to erosion and calculating 

weathering rates along geological time scale. Relate this weathering rates to climate changes and changes in 
physical denudation regimes (topography-driven). 

• (by using this model) to establish acceptable uplift scenarios for Africa over this 250 My time interval; 
Advances:  
• True feedback and integration between various geological data syntheses and numerical modelling, both at 

continental scale;  
• Independent calibration of our continental scale surface process model, TopoSed, from targeted geological 

studies. 
• a range of acceptable uplift histories obtained from a combined data-modelling approach (by integrating the 

observational constraints with TopooSed and geodynamic models) 
• Improve climate modelling on long-time scales. 

Challenges:  
• to develop and calibrate a quantitative model for surface erosion and transport at the continental scale 
• to develop an appropriate inversion strategy to extract acceptable uplift histories from a range of observables. 
• To correlate onland denudation records (mainly lateritic surfaces) with sedimentary sequences boundaries; 
• Deduce “geological” laws of chemical weathering and hence CO2 consumption 

UNDERSTANDING THE NATURE OF THE PROCESSES RESPONSIBLE FOR THE LONG WAVELENGTH 
TOPOGRAPHY 

Scientific objectives: 
• to understand what causes the present-day anomalous topography of the African continent and to reconcile 

these with the current understanding of the lithosphere structure; 
• to understand the mechanism(s) responsible for the inferred evolution of long-wavelength topography in 

Africa over the past 250 Myr; 
• to discriminate the various processes that have been proposed (e.g. mantle super-plume; delamination of the 

lithospheric mantle, past subduction-induced mantle flow, underplating, or volcanism and associated plutonic 
magmatism and metasomatism) 

Outcomes: 
• an accurate image of the present-day lithospheric structure beneath Africa based on integrated geophysical 

and petrological data and, if possible, constraints on its evolution through time; 
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• predictions of the amplitude and timing of development of the topographic signal associated with each of the 
proposed mechanisms, and comparison with uplift history derived from the observations; 

• (model dependent) constraints on the viscosity and density structure of the mantle beneath Africa, and their 
evolution in response to major tectonomagmatic episodes 

Scientific and technological challenges: 
• to couple the large-scale surface erosion and transport model to models of mantle flow and lithospheric 

deformation allowing us to predict uplift and the erosional response to different geodynamic scenarios. 

EUSTASY FEEDBACK 

Scientific objectives: 
• To decipher climatic and internal controls on the topographic evolutions of Africa over the past 250 Ma; 
• To calibrate a eustatic curve from African vertical movements through the Meso-Cenozoic. 

Outcomes: 
• Measurement of the relative sea level variations of Africa along the 250 My and extracting its eustatic 

component; 
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1.4. Aims description, scientific program 
TASK1. DATA CONSTRAINT: New style paleogeographic maps -  uplift 
Participants: Coordinators: F. Guillocheau (Rennes), D. Chardon (Toulouse) 
Géosciences-Rennes: Person X - CDD catégorie IV  (36 months), S. Bourquin, O. Dauteuil, C. Le Carlier, C. 
Robin, J.J. Tiercelin, LMTG-Toulouse: P.O. Antoine, F. Christophoul, M. Roddaz, S. Rousse, CEREGE-Aix: A. 
Beauvais, TBP-Cergy: D. Frizon de la Motte, P. Leturmy, IPHEP-Poitiers: M. Schüster, EGID-Bordeaux 3: P. 
Razin, GSC-Marseille: L. Bulot, CGS-Strasbourg: D. Grosheny 14 African partners from 7 (see Annexes) 

The main objective of this part of the project is to construct a set of new paleogeographic maps of Africa 
for 18 time intervals from 250 Myr to present-day. This task exploits on a previously developed network of 
African collaborations. 

T1.1 NEW PALEOGEOGRAPHIC INFORMATION 

Background/rationale 
Most existing paleogeographic maps are based on the inference of coastlines and the extent of the marine 

environment. Few maps are deal with the continental systems due to the difficulty of dating and interpreting 
continental deposits. The project presented here was initiated two years ago, in the framework of a project 
funded by the INSU ECLIPSE programme called “Reliefs Crétacés”. In that project (Figure 2), we established a 
new stratigraphic procedure  and produced new style paleogeographic maps for five Cretaceous time slices. 
Preliminary results, based on the compilation of more than 2 500 publications, documented and quantified : 
• The location of the continent-ocean boundary (and the location of an intermediate crust, if it exists) as well as 

the age of the first oceanic crust (with uncertainties), 
• The location of the marine shoreline (wave vs. tide dominated) and the extent of deltas (fluvial, wave and 

tide-dominated), 
• The type of shallow marine system (ramp vs. slope), 
• The location and type of carbonate platforms, 
• The “bayline” or upstream limit of the coastal plain, 
• The geometry, depth and character (perennial versus ephemeral) of lakes, 
• The type of depositional fluvial systems: anastomosed, sinuous, slightly sinuous or braided, well as the 

presence of alluvial fans, 
• The nature of alluvial plains: aeolian dunes, different types of weathering profiles, marshes, 
• The patterns of paleocurrents within the fluvial deposits, 
• The onland paleogeomorphic and paleoweathering patterns where and when available.  

Furthermore, for each time interval, the limits of the main watersheds and the boundary between their 
depositional and erosional parts have been identified, based on the mapping of fluvial paleocurrents, alluvial 
facies and the petrographic nature of the source area, lava flow directions, some structural information and 
preserved erosional landforms. 
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Figure 2: Paleogeographic maps input of the model: see text for discussion Guillocheau et al., 2007. 

Aims 
Our main aim is to produce 14 new palaeogeographic maps covering the early Triassic to the present, 

following the procedure we have defined in the earlier study, and including volcanism and basement structure 
maps. The definition of uncertainties of the compiled data is another key target of this project. The main 
uncertainties come from the age of the sediments, and particularly continental sediments with a poor fossil 
record. A biochronostratigraphic reappraisal of continental sediments will be one of the most time-consuming 
parts of the project. A second source of error lies with the irregular spatial distribution of the data and the loss of 
section by erosion. These errors will affect estimates of marine and lake shorelines, and the upstream limit of the 
depositional fluvial systems. This task will require further methodological developments, principally using 
geostatistical tools. 

 
Program of work: 
• In progress : Middle Aptian, LateConiacian-Early Santonian), Middle Jurassic (Bajocian) and Upper Jurassic 

(Late Kimmeridgian) maps; 
• To be compiled: Lower Triassic (Induan), Middle Triassic (Ladinian), Upper Triassic (Norian), Lower Jurassic 

(Sinemurian), Paleocene (Thanetian), Eocene (Lutetian), Late Oligocene (Chattian), Early Miocene and Early 
Pliocene maps; basement and volcanism maps. 

 
T1.2 THE CASE OF THE TERTIARY: EXPLOITING A UNIQUE ONLAND RECORD 

Objectives: To constrain the Cenozoic denudation magnitudes and chronology of Central, West and NW Africa 
by studying relict erosion levels and weathering profiles 

From the late Early Cretaceous, stepped and successive erosion levels were formed and are exceptionally 
well preserved, particularly in Central, West and NW Africa. Each bears specific lateritic cover recording 
second-order climatic cycles. This morphoclimatic sequence consist of (i) one or two bauxitic level(s) (the 
youngest one being early Eocene in age), (ii) the intermediate ferricrete-capped convex relief (the “relief 
intermediaire”), and (iii) three stepped ferruginous pediments defined as the high, the middle and the low glacis 
(Figure 3) (Grandin, 1976; Chardon et al., 2006). Recent advances in radiometric dating (with 39Ar-40Ar) allows 
these laterite covers to be dated absolutely. These levels therefore contain a record of the Cenozic denudation 
history of large parts of the continent. 

 

Figure 3. (a) Illustration of the 
geomorphological relationships between 
selected lateritic paleolandsurfaces and the 
sedimentary sequence boundaries in 
intracratonic West Africa. 
(b) Detailed denudational chronology from 
the Tambao area from Ar-Ar dating of 
laterites. In black: weathering periods in Ma; 
in italic grey: erosion periods in Ma; vertical 
grey arrows: magnitude and age of 
denudation (Beauvais et al., submitted). 

Program of work:  
• to undertake regional 3D mapping of each erosion level (e.g., Chardon et al., 2006; Chevillotte et al., 2006);  
• geological and geochemical characterization of the weathering mantles; characterization of their relationship 

to sedimentary sequence boundaries within adjoining basins; fine sedimentological and stratigraphic 
characterization as well as tracing of the source of continental sediments correlative of the paleolandsurfaces 
or resulting from their erosion; 

• to use recently acquired dates by the 39Ar-40Ar method on the weathering products carried by the 
paleolandsurfaces on specific bedrock (Colin et al., 2005; Beauvais et al., submitted, Figure 3) and perform 
new direct paleomagnetic dating of the laterites and continental sediments; 
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• to investigate potential correlations with global and regional paleoclimatic proxies and sedimentary record of 
adjoining intracratonic and marginal basins; 

• to perform paleodrainage reconstructions (maps and longitudinal profiles), mechanical and chemical 
erosion/accumulation budget calculations (mass balance in laterites, eroded volumes from 
paleotopographies) between each morphoclimatic stage (e.g., Figure 3);  

Low temperature thermochronology may eventually be used in this context, but we consider this to be 
beyond the remit of the current proposal. 

This study will be first carried out along the Man-Leo High by D. Chardon (coordinator) and extended to 
the east (East African Rift) by J.J. Tiecelin, (coordinator) and to the south (South Africa Plateau) by O. Dauteuil, 
(coordinator). 
 
T1.3 REQUIRED FIELD STUDIES 

Objectives: 
During our preliminary palaeogeography work, we observed considerable heterogeneity in the quality of 

the available data. Some key field sites therefore need to be re-visited to ground truth the reported data and to 
ensure the quality and consistency of the palaeogeographic maps. A few such field studies have already been 
carried out in the last two years, one in Mauritania (to test the occurrence of marine Cenomanian influences on 
the northern part of the Man-Leo High), in Maputaland-Zululand (in Mozambique and South Africa – kinematics 
of the South African Plateau uplift) and Socotra (Yemen, Somali margin).  

Organising field studies in Africa is time and money consuming. We propose to use a new approach to 
field studies in Africa which involves: (1) to form a group of specialists in sedimentology, biostratigraphy, 
geomorphology, lateritic weathering, structural geology (2) to send the chief scientist to make contact with the 
local African geologists working in the area, to obtain authorizations from the various administrations and 
prepare the logistics of the field trip; (3) to then visit each of the targeted field sites only once  
Program of work: 

Two main field targets are here defined (see scientific justifications with the field expenses). 

(a) The uplift patterns of the South African Plateau, and more specifically: 
• Jurassic to Paleocene Indian margin of Mozambique (Ruvuma Basin) and Tanzania; 
• The Early Cretaceous South-Central African Rifts: Rukwa (Tanzania); 
• The Cretaceous alluvial sediments of the Congo flexural basin outcropping in Angola. 

(b) The uplift patterns of NW Africa and more specifically 
• The Cretaceous and Tertiary long wavelength deformation of the “Great Maghreb” (from the Reguibat  Rise, 

Mauritania to the Syrt Basin, Libya), to characterise the Cretaceous deformation and the consequences of the 
Neogene deformation contemporaneous with  Atlas uplift and regional volcanism; 

• The Late Cretaceous to Oligocene of the Iullemmeden / Taoudeni Basins, and neighbouring lateritic uplift 
(the Man-Leo, Reguibat rise in Mauritania, Guinea, Mali, Niger, Burkina Faso); 

• The northern part of the Chad Basin (Niger, Djado area). 
These targets have been selected to address some of the uncertainties that arose during the construction of 

the preliminary maps. In particular, the relations/transitions between erosional and depositional processes, both 
in time and space, will be examined. 

T1.4. FROM PALAEOGEOGRAPHIC 
TO FIRST-ORDER UPLIFT MAPS 

Objectives: 
To build “first-order” uplift maps 

based on general geological data, 
stratigraphic/ paleogeomorphic data and 
the paleogeographic maps themselves, 
which will incorporate information such 
as palaeodrainage directions. At this 
step, uplift maps are semi-quantitative 
maps that provide scenarios to constrain 
the TOPOSED model. Revised maps 
will be drawn after the feedback from 
the modelling and the integration of the 
thermochronological data. The main 
difficulty is to find data that univocally 

Figure 4: Uplift consequences on the sedimentary record. 
Guillocheau et al., 2007
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record vertical movements. For example an increase of siliciclastic sediment flux can be the product of uplift, but 
also of a climate change or a change in drainage. 

The best criteria are unconformities and correlating erosional surfaces recording a relative tectonic uplift 
or sea level fall. These could be identified on maps (x,y) on land or offshore (seismic data), dated on outcrops or 
on wells. They could be identified on 2D seismic sections (x,z) as a major period of sea level fall (seismic 
stratigraphy) with the development of incised valleys, forced regression shore wedges, canyon incisions (Figure 
4). We have to make sure before that they do not correspond to an eustatic sea level fall period (using Haq et al., 
1987 and Miller et al., 2005 charts). Finally, on land, those unconformities are marked by the development of 
erosional surfaces that may bear laterites or an incised fluvial network. Again, one must distinguish between 
climate- and epeirogeny-driven erosion. 

Our preliminary results (Projet INSU RELIEF” South African Plateau Uplift”, 2007-2008, GDRI CNRS-
South Africa “!Khure”, 2008-2010) indicate different periods of long wave length uplift periods of Africa: 

• Early Cretaceous (intraBerriasian, 140My) – Uplift of NW Africa (Guinea to Maghreb and Niger) 
• Early Cretaceous (Aptian-Albian, 115My) – Uplift of E Africa (paroxysm in Somalia and Ethiopia) 
• Late Cretaceous (Turonian to base Campanian, 90-80My) – Uplift of the South African Plateau and Man-Leo 

High 
• Paleogene-Neogene transition (Late Eocene to Early Miocene, 35-20My) – Uplift of the East African Rift 

Dome and of most of the Africa swells (Man-Leo High, Cameroon to Angola margin uplift...) 
Program of work: 
• Systematic study of the passive margin and intracratonic basins sedimentary record by the multidisciplinary 

teams (biostratigraphers, sedimentologists, structural geologists), based on published data, seismic and well 
data purchased in the frame of this project or new field studies; 

• Systematic study of the paleogeomorphic/paleoweathering records of the swells, based on published data or 
new field studies, where appropriate; 

• Compilation of stratigraphic charts of uplift (with age uncertainties) and semi-quantitative estimation of the 
uplift magnitude; 

• Production of uplift maps between the time intervals defined for the paleogeographical maps, into successive 
steps (1) a draft for the first tests with the TOPOSED model (year 1) and (2) successive versions according 
the evolving results of our work as it progresses. 

 
TASK 2. DATA CONSTRAINT (AND MODELLING) : Paleoprecipitation maps 
Participants: Map compilation : C. Robin, F. Guillocheau, J.J. Tiercelin, D. Chardon, A. Beauvais, M. Schüster. 
Modelling: Y. Godderis, Y. Donnadieu 

Objectives: 
Effective precipitation is a key factor determining the rate of production and transport of sediments and 

an important input to our TOPOSED model. Therefore, we aim to quantify the paleoprecipitation and of the 
runoff on the Africa for the same time slices than the paleogeographical maps (Figure 5). These 
paleoprecipitation maps will be based on geological data such as: 
• Sedimentary data: evaporites (types) vs. coals (types), eolian deposits, paleoweatherings (laterites, 

ferricretes, silcretes, calcretes..), clay composition. 
• Paleobotanical data: palynological assemblages, type of woods, structure of stomates. 

Paleoprecipitation maps are then defined as one of four categories: arid, semi-arid (dry with one season 
with possible rains), semi-humid (wet with one season possibly dry) and humid. 

Further constraints on the palaeoprecipitation will be obtained via a climate model (FOAM). Y. 
Donnadieu (LSCE) and Y. Goddéris (LMTG) have already performed numerical simulations of Earth's climate 
over the Mesozoic interval (Donnadieu et al., 2006; Goddéris et al., 2008). Eight paleogeographies have been 
tested and constitute a basis for the TOPOAFRICA project. A set of free parameters has to be specified in the 
General Circulation Model (GCM). Among them, the atmospheric CO2 level and the vegetation distribution are 
those that will largely influence the precipitation patterns over an area such as continental Africa. Hence, for 
each time period we will make a data-model comparison relative to the four categories defined above. We will 
also use a numerical model coupling a global biome distribution model (Sitch et al., 2003) with the FOAM GCM 
so that biomes and climate will be calculated simultaneously. We will then fix the atmospheric CO2 in order to 
have the best simulations of the African climate as constrained by geological data. Then, output such as 
precipitation and/or runoff from the GCM will be used as input for the TOPOSED model.  
Some methodological developments: the effect of long wave length topography and lakes 

Another use of the new datasets is to improve the land-ocean distribution maps through the Mesozoic 
originally built by J. Besse at the IPGP. We will provide updated input on the topography and location of interior 
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seas and lakes. One specific idea that may be tested is the appearance of the large Congo lake and its effect the 
African climate. The width of climatic belts have varied through the Cretaceous over Africa but no explanations 
are forthcoming. We will test the impact of the Congo Lake with a high resolution GCM. 
 

  
Figure 5: Paleoprecipitations maps, constraints for TOPOSED. Guillocheau et al., 2007. 
Program of work: 
• Quantification of the climatic zones within atmospheric precipitation ranges 
• Set of 5 coupled LPJ (global biospheric model) and FOAM general circulation model for 5 different fixed 

atmospheric CO2 levels, for each timeslice defined in the project. 
• Intercomparison between the GCM-generated precipitation fields and the reconstructed paleoclimatic maps, 

and selection of models that will be input to TOPOSED. 
• High resolution GCM run accounting for the calculated topography and its impact on the climate of Africa 

through time. Calculation of the feedback of the long wave topography on the surficial geochemical processes 
(weathering) at the continental scale through the GEOCLIM modelling procedure  

TASK 3. DATA CONSTRAINT : SILICICLASTIC FLUX AT CONTINENTAL SCALE 
Participants: D. Rouby, F. Guillocheau, C. Le Carlier de Veslud, C. Robin, Master 2 student project (Rennes) 
Objectives: 

The objective of this task is to better quantify one of the key geological datasets to be incorporated into 
the topographic evolution scenarios, i.e. the siliciclastic (terrigenous) supply, products of the erosion of the main 
paleocatchments and preserved in the surrounding sedimentary basins of the African continent. 

 
Figure 6 : Flux variations : the Atlantic margin. 
Rouby et al. 2007 

A validated method 
Over the last 3 years, we have developed 

and validated a new approach to estimate sediment 
flux to basins (Robin et al. 2005, Rouby, et al. 
submitted, Helm, ongoing PhD thesis). Most of the 
published data are from the shelf and the slope of 
the margins. Time lines are extrapolated along the 
abyssal plain using old public seismic lines and 
existing DSDP/ODP data. For each section we 
differentiate 3 alternative interpretations to include 
uncertainties on the basin distal geometry. On each 
section and for each time step, we measure the 
mean thickness and rate of sediment deposited. We 
then determine, from independent data, the spatial 
extension of the basins for the corresponding time 
increment and use it to extrapolate 2D 
sedimentation rates to volumes (Figure 6). 
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Figure 7 Location of existing surface and borehole samples, 
proposed boreholes for this study, and boreholes available 
for a larger scale future study. The two dashed boxes show 
the areas proposed for new surface samples. 

Preliminary results and remaining effort 
We have estimated the sedimentary flux along the West African passive margin (Figure 6). Preliminary 

estimates of the total sedimentary flux for this area (i.e a margin about 2 000 km in length) range between 5 000 
and 135 000 km3/Myr. The maximum error reaches 25 % in very unconstrained areas, but is typically below 10 
to 15 %. The North Western and Eastern African passive margin basins remain to be processed, as well as 
intracontinental basins. The 2D section database is however completed. 

From total sedimentation volumes to siliciclastic flux 
The sedimentary flux estimations will be corrected for sediments that are not the products of regional 

erosion on the continent: i.e. mainly carbonate but also evaporites and possibly volcano-clastic sediments. This 
relies on an additional phase of more detailed geological data compilation; mainly DSDP-ODP in the deep-sea 
plain, industrial wells on the shelf and published lithologic maps. 
Program of work: 

The effort on this task is planned during the first year of the program. This involves: 
• 6 months for the estimation of total flux in the remaining basins (North Western and Eastern passive margins; 

intracontinental basins), 
• 6 month for the lithologic corrections. 

TASK 4. DATA CONSTRAINT:  LOW TEMPERATURE THERMOCHRONOLOGY 
Participants: PhD Candidate, K. Gallagher, R. Brown 
Rationale: 

Low temperature thermochronology (apatite fission track and (U-Th)/He analyses) is currently the only 
method able to quantify the cooling history of upper crustal (<5km) samples over geological time scales (1-100 
million years). In most cases, the cooling history is a direct proxy for the denudation history, and so these data 
are necessary control points for validating the model predictions.  
Aims and objective: 

Our main aims in this task are to expand this existing database (figure 7)  and improve the resolution of 
the Tertiary erosion history, with 2 specific objectives: 
• To target new key surface locations in Angola, and Zimbabwe/Mozambique where existing sample coverage 

is sparse or absent 
• To analyse samples from 4 selected boreholes in southern Africa. 

The fist objective is motivated by the late 
Cretaceous-Tertiary change in the rate of 
sedimentation (Lavier et al., 2001; Jackson et al, 
2005). The volume of sediment delivery in the 
Tertiary relative to the Cretaceous increases 
significantly north of the Walvis Ridge. Also, the 
offshore Mozambique Basin, currently the end 
point for the Limpopo River shows a major influx 
of sediment in the late Cretaceous. We aim to 
determine if this is reflected in the local onshore 
denudation history, or reflects a more far field 
influence, and so provide important constraints for 
the surface process models. Our first objective is 
to analyse 70-80 new surface samples from these 2 
regions, and we will co-ordinate the fieldwork 
with local geologists. 

The justification for the second objective is 
that samples from boreholes are critical to improve 
the quantitative interpretation of regional surface 
samples. The resolution of Tertiary cooling is 
difficult to derive from surface samples due to the 
low sensitivity of both the fission track and (U-
Th)/He systems to temperatures < 40°C. In wells 
of 4-5 km depth, samples at the base will typically 

have fission track/He ages reset to zero at the present day. Then samples at intermediate depths will potentially 
record details of subtle Tertiary cooling events, while the shallowest samples will behave similarly to the surface 
samples and can be linked directly to them. This new borehole work is timely as recent modelling methods 
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(Gallagher et al. 2005, 2006 Stephenson et al. 2006) now provide the means to model cooling histories for a suite 
of vertical samples simultaneously. This significantly improves the timing resolution of cooling events and 
provides a direct estimate of the palaeo-temperature gradient, which is required to convert the cooling history to 
an equivalent depth history. Furthermore, these new methods also provide a full uncertainty analysis on the 
inferred thermal history. 

Some previously sampled boreholes (figure 7) lie in northern South Africa or Namibia. However, a large 
proportion of the available surface samples and previously analysed boreholes are located further south. We will 
analyse 30-40 samples for apatite fission track and selected samples for (U-Th/He) analyses from 4 selected 
boreholes, and from previous work, anticipate suitable yield of apatite. Access to material has been confirmed 
through collaboration with R. Brown (University of Glasgow, Scotland) and Dr. Barnado (borehole archive 
manager, Council for Geoscience in South Africa).  
Program of work: 
• July/August 2009 – Sampling fieldtrip to Angola and Mozambique and collection of borehole samples from 

southern Africa (Gallagher, Brown + PhD) 
• September 2009-September 2011 – thermochronology analyses (PhD Gallagher, Brown) and thermal 

modelling, and integration with surface processes model (Gallagher, Braun, PhD, Brown). 
 

TASK 5. INTEGRATING THE OBSERVATIONS AND QUANTIFYING THE TOPOGRAPHY 
Participants: PhD candidate, J. Braun, M. Simoes, K. Gallagher, R. Brown, Master 2 student project (Rennes) 

We briefly describe the new sediment production (erosion) and transport model TOPOSED developed 
over the past two years, and how we propose to calibrate it and then to use it for quantitative estimates of the 
topographic evolution of Africa from the data gathered and interpreted in the previous tasks. 

T5.1 TOPOSED 

TOPOSED is a quantitative model for the production and transport of sediments at the continental scale. 
In TOPOSED, mechanical erosion is proportional to the difference in average altitude between two adjacent 
cells, to runoff (computed from effective precipitation) and to a coefficient related to rock erodability and 
chemical weathering is coupled to mechanical erosion (Gaillardet, et al., 1999). The products of erosion are 
transported down slope, up to a transport volume capacity proportional to local discharge and regional slope, 
introducing another, dimensionless transport coefficient. This allows for modeling sediment storage within the 
continent, in situations where the available sediment volume exceeds the transport capacity of the system. The 
proposed erosion laws have been quantitatively tested against the results of physical experiments of the evolution 
of topography and denudation under different uplift and precipitation rates and for different lithologies [Bonnet 
and Crave, 2003; 2006]. Comparison of the model predictions to data on sediment fluxes of natural eroding 
drainage basins [Aalto, et al., 2006] has also provided a first-order estimate for the coefficient of erodability and 
links its variability to variations in lithology (Simoes et al, in prep). Most recent estimates of the transport 
efficiency of continental drainage systems (Dosseto et al, 2006; Allen, 2008) indicate that the residence time of 
sediments is short (tens of thousands of years) in comparison to the time scales considered here (millions of 
years) and, most importantly, to the resolution in stratigraphic ages for the period considered here. For this 
reason, we can justify simply choosing a “reasonable” value for the transport coefficient at this stage. 

Figure 8 shows preliminary model predictions for the mid-late Cretaceous. Two scenarios are shown, 
predicting different siliclastic sedimentary fluxes (d) and e)) in the sub-basins of the western margin of the 
continent (labelled 1 to 5 in panel c). The scenarios differ by an episode of imposed subsidence representing the 
formation of the Congo basin. These 2 runs demonstrate the sensitivity of the model to the assumed uplift 
history. Uplift creates regions of sediment production (source) but also affects drainage direction (transport). 
 
T5.2 CALIBRATING THE PHYSICAL EROSION LAW : CASE STUDY OF THE ORANGE BASIN. 

Objectives: Calibrating the physical erosion law parameter 
Recent rates of surface erosion in the interior of the southern African craton have been estimated using 

cosmogenic nuclides at a variety of locations (Cockburn et al, 1999,; Fleming et al, 1999; Cockburn et al, 2000). 
Current mean erosion rate are low (less than 10 m/Myr) with maximum values (~100 m/Myr) are reached in 
regions of highest local relief or slope (Summerfield 2007). 
Program of work: to invert cosmogenic nuclide data using a high-resolution landscape evolution model 
(CASCADE) 

We propose to use this dataset to constrain the values of the physical erosion parameter in TOPOSED. 
However, we will use another surface processes model (CASCADE, Braun and Sambridge, 1997), better 
suited to represent how erosion rate depends on local slope, runoff and variations in surface lithology at the scale 
of a single basin. We will predict the spatial variability in present-day erosion rates from the shape of the surface 
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topography extracted from a suitable resolution DEM of the Orange basin. We will then determine the range of 
acceptable erosional parameters consistent with the cosmogenic data. The values of the local erosional 
parameters will be integrated to the scale of Toposed (1° x 1°) to estimate the regional erosional parameter. 

 

 
Figure 8: Results of a simple numerical experiment using Toposed. A) Predicted topography at the end of the run; 
b) Predicted accumulated exhumation; c) Geometry of the marginal sub-basins (1 to 5) used to compare 
predicted to observed sedimentary fluxes; d) Sedimentary volumes as a function of time (observed in black, 
predicted in red) for the 5 sub-basins shown in c); same as d) but for an alternate uplift scenario incorporating the 
slow subsidence of the Congo Basin in the mid-Cretaceous; f) and g) predicted drainage patterns at the end of 
the experiment (brown towards the North, orange the East, yellow the South and green the West). Note how the 
position of the main continental divide has been affected Braun et al., 2007. 

T5.3 ESTIMATION OF THE VARIABILITY OF WEATHERING RATES IN TIME AND SPACE 

T5.3.1 Weathering signature of the South African uplift from Late Jurassic to present-day: geochemical 
approach 
Participants: J. Gaillardet, F. Guillocheau, C. Robin, Master 2 IPGP 

Objectives: To estimate the variability of weathering rates in space and time 
The relationship between physical and chemical erosion rates is poorly constrained. We propose to determine the evolving 
chemical weathering rate and to calibrate the relation between physical and chemical erosion through time. A good case study 
is the evolution of the South African uplift during Cretaceous and Tertiary times and the climatic change of this domain 
during Paleogene toward more humid conditions (Dingle et al., 1983; Maud & Partridge, 1987) 
Work program : 
The studied sedimentary record would be the core drilled by the DSDP Leg 40 (sites 360 and 361) off Cape of 
Good Hope Peninsula. The sites 360-361 are well cored from the Cretaceous to the Pliocene and the clay 
mineralogical record is very well constrained (Robert et al., 1979; Robert, 1982).  We propose to use radiogenic 
isotopes (Sr, Nd) as source tracers. Because isotopes of Sr and Nd are heavy isotopes, they are not fractionated 
by chemical weathering reactions and the composition of the sediments is that of the source rocks. In South 
Africa, the difference in isotope composition of the terranes to chemical and physical weathering make it 
possible to use them in the sediment core to trace the source provenance and calculate the contribution of the 
different sources. 
The chemical maturity of the sediments will be deduced using classical ratios such as Na/Th ratios normalized to 
that of the source rocks. Radiogenic isotopes will be used to correct from source provenance. The chemical 
maturity of sediments will constrain the weathering regimes prevailing on the continent (weathering-limited vs. 
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transport-limited) through geological time, and using sedimentation rate, will be used to calculate chemical 
denudation rates (through the mass conservation equation). Comparison of physical erosion rates with successive 
paleoclimatological map reconstructed in the other tasks will be of great interest. A final consequence of the 
proposed action is to calibrate the relationship between past Chemical weathering rate and physical erosion rates 
in Africa. This relationship has been constrained based on modern river system (either large river system, 
Gaillardet et al., 1999 or basaltic rivers, Dessert et al., 2003), but has never been calibrated in a given erosion-
sedimentation system as a function of geological time. 

T5.3.2 Weathering signature of the Cenozoic basin-and-swell system of NW Africa :  
Participants: D. Chardon, A. Beauvais, F. Christophoul, M. Roddaz, S. Rousse, F. Guillocheau, J.J. Tiercelin 
Objectives: 

The fine characterization of the exceptional Cenozoic morphoclimatic / sedimentological record of the 
swells and intracratonic basins of NW Africa that we propose to undertake in Task 1.2 will leads to estimates the 
volume of sediment eroded between two geomorphic surfaces which we will compare to the volume of 
sediments preserved in the intracratonic basins. This balance will provide a first estimate of the chemical erosion 
component which will be further constrained by the chemical budget derived from the lateritic profiles. 
Work program: 

To do that, we shall combine quantitative paleogeomorphology, stratigraphy/sedimentology, isotopic 
tracing of the sediments and mechanical and chemical erosion/deposition budgets for the successive time slices 
of the paleogeographic maps (and possibly at an even higher time resolution) as described in Task 1.2. Such an 
approach will provide critical boundary conditions and orders of magnitudes, as well as calibration for 
TOPOSED modelling. 
 
T5.4 USING TOPOSED TO OBTAIN THE UPLIFT COMPATIBLE WITH OBSERVATIONS 

Objectives:  
To use TOPOSED to integrate all the datasets described in tasks 1-4 to produce a range of data-consistent 

uplift scenarios for the African continent. 
Program of work : 

This will be done using a formal inversion procedure (e.g. Sambridge, 1999). First-order uplift scenarios 
determined in Task 1 will be used as input to the TOPOSED model to make predictions as illustrated in figure 8. 
These will be quantitatively compared to the observations (as digital maps) and the uplift scenario will then be 
iteratively adjusted to reduce the misfit between predictions and observations. The product of this inversion 
procedure will be a range of acceptable scenarios compatible with the data. We will not a priori favour any 
particular scenario and will be able to determine which parts of the uplift history are well constrained and which 
are not, guiding us in the future collection of new data. 
 
TASK 6. Mantle and lithosphere dynamics  
Participants:  Post-doc, J. Braun, O. Dauteuil, A. Forte, S. Fishwick, D. Bell 

T6.1  THE STRUCTURE OF THE LITHOSPHERE BENEATH AFRICA 

Objectives: To constrain the structure of the lithosphere beneath Africa and its evolution through time 
To quantify surface uplift resulting from mantle flow requires a good knowledge of the thermal and 

mechanical structure of the lithosphere (Forte et al, 2007). Both crustal and lithospheric thicknesses play an 
important role in determining how much of the observed topography is related to isostasy or mantle flow (Forte 
et al, 2007). Furthermore, events involving the mantle part of the lithosphere, such as delamination, subduction-
like or “blobbing” events triggered by lateral temperature gradients related to rifting along the continental 
margins (Brown et al, 1998) or by Rayleigh-Taylor instabilities within its interior (Neil and Houseman, 1999), 
may be, independent of flow within the underlying mantle. 
Current knowledge:  

The structure of the continental lithosphere beneath major portions of the African continent is poorly 
constrained. However, certain regions of the African lithosphere, most notably southern Africa (Boyd and 
Gurney 1986; De Wit et al. 1992, 2004; Carlson et al. 2000; Kaapvaal Seismic Group 2001; Jones et al. 2004; 
Ashwal 2007), but also parts of East Africa and Ethiopia, are among the better understood regions of mantle 
lithosphere in the world. Such regions provide “ground-truthing” localities where remotely sensed geophysical 
properties can be related directly to mantle samples in the form of xenoliths (e.g., Lee 2003; James et al. 2004; 
O’Reilly and Griffin 2006). These have also been used to correlate lithospheric mantle properties to the age of 
overlying crust (Boyd 1989; Griffin et al. 1998, 2003a; Gaul et al. 2000; O’Reilly et al. 2001). Such correlations 
can be then used to predict indirectly lithospheric properties over time. For example, xenoliths from southern 
Africa show a compositional change during a major lithospheric event at 100 – 80 Ma (Brown et al. 1998; Bell et 
al. 2003; Griffin et al. 2003b).   
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Seismic studies of the continent suggest that the 
lithospheric architecture is variable (e.g., Priestley et al., 2006; 
Sebai et al., 2006; Pasyanos & Nyblade, 2007). A new 
tomographic model of Africa (Fishwick, pers. comm.) illustrates 
these variations in seismic wavespeed (Figure 9); a deep root 
occurs under the Congo Basin and the north-western part of the 
continent. Regional seismic studies based however show high 
velocity roots beneath the Archean Tanzanian, Kaapvaal and 
Zimbabwe cratonic nuclei, and generally lower velocities in the 
mantle of surrounding Proterozoic mobile belts (Ritsema et al. 
1998; James et al. 2001; Priestley et al 2006; Chevrot and Zhao 
2007).  The high resolution studies of southern Africa (James et al. 
2001; Chevrot and Zhao 2007) also indicate lithospheric 
heterogeneity within the Archean mantle root, supported by 
xenolith evidence. 
 
Program of work: Through international collaborations, to collect 
constraints on the structure of the lithosphere to incorporate them 
in dynamical(numerical) models of mantle and lithosphere 
dynamics 

We do not aim to develop new models or collect 
observations pertaining to the structure of the continental 
lithosphere beneath Africa, but it is critical we are aware of 
ongoing developments so that we incorporate them in our 

modelling. During the TopoAfrica workshop, we initiated links with Stewart Fishwick (Cambridge University, 
now at the University of Leicester) and David Bell (Arizona State University) who are world experts in 
continental-scale tomographic models and mantle xenoliths, respectively. Both have agreed to provide us with 
up-to-date constraints on the current and past structure of the African lithosphere. Of particular value is the 
opportunity to develop consistent petrological and seismological mantle models and to incorporate these 
constraints in our numerical models of mantle flow and lithospheric stability. 
 
T6.2 DYNAMICAL PROCESSES RESPONSIBLE FOR THE TOPOGRAPHY 

Objectives: To determine the causes of the large scale topography 
A range of hypotheses have been proposed to explain the anomalous topography of the African continent 

(see section 1.2). To date, the actual mechanims are unresolved because of ambiguous evidence. The new 
datasets we propose will better constrain, and address the uniqueness in identifying, these mechanisms. 
Program of work: To test the validity of the proposed mechanisms by comparing the surface uplift history 
derived in the first part of this project with the predictions from a model of flow in the sublithospheric mantle and a 
model of lithospheric deformation/delamination 

Through an international collaboration with A. Forte (UQAM) and D. Rowley (University of Chicago), 
we will test whether the dynamic topography created by current flow in the underlying mantle is comparable in 
magnitude and timing to that extracted from the data. We propose to use estimates of uplift rates for the last 30 
Myr derived  by “backward running” a mantle convection code from an initial configuration obtained by 
inverting tomographic and other geophysical data. The mantle flow is dynamically coupled with NUVEL-1A 
(DeMets et al., 1994) surface tectonic plates (that are predicted by the flow) and its time-dependent evolution is 
solved using a pseudo-spectral numerical method. The simulations incorporate Newtonian rheology with a 
viscosity profile that is constrained by global joint inversions of geodynamic surface observables and data 
associated with glacial unloading (Mitrovica and Forte, 2004). 3D heterogeneity (density perturbations) in the 
mantle are derived from a high resolution global seismic shear-wave model (Simmons et al., 2007) which 
enables us to perform flow calculations with much improved spatial resolution. Most recent results of this type 
of inversion, are shown in 10. Beneath Africa, the time period that we propose to consider (30 - 0 Ma) coincides 
with part or all of the period during which the East African Rift system developed. The uplift function derived 
from the mantle flow calculations will be used as a forcing function in the TOPOSED model to predict 
sedimentary fluxes into the continent marginal basins which will be compared to our estimates of fluxes (see 
2.3.1 above). 

We will also test alternate hypotheses by computing the uplift and landscape response of lithospheric-
scale events (such as the delamination of the mantle part of the lithosphere or Rayleigh-Taylor instabilities). We 
will use a 3D model of coupled lithosphere-mantle deformation (DOUAR) recently developed at Géosciences-
Rennes (Braun et al, accepted pending minor revisions). DOUAR is a 3D numerical model of flow/deformation 
at the crust, lithosphere and mantle scale characterized by a non-uniform and dynamic (time-dependent) 

Figure 9: Tomographic model at 100-175 
depth intervals (Fishwick, pers. Comm.). 
The colour scale remains the same at both 
depth intervals, velocities are plotted as 
perturbations from the reference model 
ak135. 



 17

discretization of space, the tracking of complex, deforming interfaces (including the free upper surface) and a 
range of rheologies. It is ideally suited to study the coupling between crustal deformation, surface erosion and 
flow in the underlying mantle. We propose to use DOUAR to study the physical conditions under which the 
mantle lithosphere becomes unstable following rifting and thinning events, as well as the consequences of such a 
delamination (or “blobbing”) event on the evolution of the continental topography. 

 

 
Figure 10: Results from mantle flow calculations (as described in the text) by Forte et al. (pers comm.) showing 
the predicted present day dynamic topography and its rate of change. Note the large topographic signal predicted 
beneath the East African Rift and the lack of present-day dynamic support for the anomalous topography 
characterizing southern Africa. 

Through our collaboration with Bell and Fishwick, we will also examine the influence of permanent 
density changes to the lithosphere that accompany magmatic intrusion. Whereas magma emplacement into the 
crust has been previously examined, the effects of lithospheric metasomatism on its thermal and density structure 
have not been evaluated. Bell is developing quantitative chemical models of metasomatism and their density 
effects, based on work in southern Africa (e.g. Bell et al. 2005).  

 
TASK 7. FEEDBACK TO QUANTIFYING EUSTASY 
Participants:  C. Robin, O. Dauteuil, F. Guillocheau 

Eustasy, or absolute sea level variation, is a primary reference frame in the Earth. Sea-level variations 
control much of the stratigraphic record, the area of the eroding continental surface, and the base level of fluvial 
systems. These variations have been used as a reference curve for long term pCO2 variations and climate 
changes. The first method used to quantify eustasy was based on the identification of a common signal among 
local measurements of relative sea-level change in different basins around the world. The most popular sea-level 
curve (Haq et al. 1987), is partly based on African data, mainly from the Central Atlantic margin (Mauritania to 
Tarfaya basins) considered as a tectonically stable platform. It implies a Meso-Cenozoic sea level cycle with a 
maximum amplitude of 270 m at 90 My. However, recent publications (Miller et al., 2004, 2005; Cogné et al., 
2007) suggest amplitudes between 80 and 150m, and imply that Haq and his co-authors underestimated the 
tectonic component. This conclusion is in good agreement with the pioneering work of Bond (1978) and 
Sahagian (1988) that demonstrated large scale uplift of Africa during Late Cretaceous and Tertiary times using 
the present-day elevation distribution of Cretaceous shorelines. The knowledge of the past topography and uplift 
history of Africa has thus important consequences on our understanding of this process. 

Objectives: 
Our objective is to use the new palaeogeographic maps (shoreline and bayline) and our paleotopographic 

quantification to infer relative sea level variations using the “hypsometric technique”. The end goal is to 
determine, knowing the uplift scenario, the eustatic signal in the geological/paleogeographic record. 

The “hypsometric technique” is based on the measurement of the marine flooding of continents on global 
paleogeographic maps. Sea-level is inferred, for a given time interval, from the intersection of this world-scale 
flooding with the distribution of the global elevation, or hypsometry. The continental flooding is the percentage 
of the continental domain flooded by the sea. This percentage is defined from a specific geographic reference 
level that can be the shelf break or the present-day shoreline. The hypsometric curve is the cumulative curve of 
areas of land between pairs of contour lines as a percentage of the total land area. 
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In the case of this study we will only take into account Africa. It means that we cannot arrive at the true 
the eustatic signal, but the sum of the eustatic signal and the vertical displacement of the long wave length 
deformation of Africa.  
Program of work: 
• Quantification of the marine flooding of Africa using the shoreline and the bayline for the 17 steps 
• Quantification of the relative sea-level change of Africa for those 17 steps using the calculated topography for 

each stage 
• Removal for each step of the domains where tectonic uplift is known and calculation of residual possible 

eustatic signal 
• Comparison with the other published curves (Haq et al., 1987; Miller et al., 2004, 2005) 
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1.5. Expected results and potential impact  
MAIN OUTCOMES AND DELIVERABLES 

• To build a set of unique continental-scale paleogeographic maps based on a large, novel dataset of Africa 
over the last 250 Myr  

• To build a set of paleo-precipitation maps for the same time interval based on the collection of a wide range 
of observations pertaining to past climate and the use of a GCM 

• To develop a new parameterization of erosion (both physical and chemical) and sediment transport at large 
spatial and temporal scales,  

• To develop and use a new inverse methodology to quantify past topography of the Earth by coupling 
quantitative model of sediment production and transport (TOPOSED) with different inputs (uplift and 
paleoprecipitation maps) and tests (siliciclastic sediment flux in the basin and thermochronology). 

• To determine which, if any, of the currently competing models (e.g. upwelling of hot deep mantle material 
or delamination of the mantle lithosphere) for the complex vertical motions of the surface of the African 
continent is consistent with this new geological dataset. 

• To progress in our understanding of how surface (dynamic) topography is created by mantle processes. 
• To use newly derived paleotopographic estimates to better constrain past sea level changes. 
• To evaluate the relative contributions (and combination) of climate change and uplift to the long-term 

denudation of the continents.  
• To be a key player in a high profile, collaborative international effort to understand a fundamental issue of 

general relevance to Earth system dynamics and evolution. 
• To provide more rigorous constraints on the erosional and depositional environments in which large oil 

(location and quality of the reservoirs) and mineral resources (clastic diamonds in fluvial systems, ore 
deposits associated with paleoweathering), but also water resources, have been accumulated and stored, 
therefore facilitating their potential exploitation. 

• To produce a large number of publications in international journals 
• To train a PhD student in the acquisition and interpretation of thermochronological data 
• We will organize two international workshops, the first one among the proposed participants of the project 

to further harmonize the data collection with model development and expectations; the second one will be 
open to the entire research community to promote the results and the new datasets. Representatives from oil 
and mining companies will be invited to these workshops to stimulate their current involvement and 
participation in specific areas of the project. 

 
SOME OTHER QUESTIONS POTENTIALLY ADDRESSED BY OUR PROJECT  

This project will allow addressing questions of major importance for the understanding of Earth Surface 
processes.  
• How can we explain the occurrence of past sedimentary systems with no equivalent today. For example, the 

Lower Cretaceous is characterized in northern Africa by widespread (x1000 km large alluvial plains) 
preserved bedload rivers or the Cenozoic, characterized by extensive weathering surfaces of continental 
extent that are still preserved. What do they mean in term of erosion processes and paleoclimates ? How 
were they preserved ? 

• What is the chemical/mechanical erosion budget of an entire “stable” continent crossing the widest range of 
climatic zones over 250 Ma. What is the evolution of this budget and its contribution to the global sedimentary 
budget, major geochemical cycles (C mainly) and paleoclimates. 
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-  
1.6 Organisation du projet/Project flow 
 

Tâches /Tasks Partners Year 1 Year 2 Year 3 Year 4 

 1 2 6 12 18 24 30 36 42 48 
Task 1a 
New paleogeographic maps, F. Guillocheau 
et D. Chardon 

          

Task 1b 
New topographic maps, F. Guillocheau et D. 
Chardon 

          

Task 2 
Paleoprecipitation maps, C. Robin et Y. 
Donnadieu 

          

Task 3  
Siliciclastic flux at continental scale, D. 
Rouby et F. Guillocheau 

          

Task 4 
Thermochronology, K. Gallagher et Y PhD 

          

Task 5 
Quantifying topography by integrating the 
observations, J. Braun 

          

Task 6 
Mantle and lithosphere dynamics, J. Braun, 
O. Dauteuil et Z postdoc 

      
 

    

Task 7 
Feedback to quantified the eustasy, C. 
Robin 

          

Rapports d’avancement semestriel 
Progress report/expenses 

   ☺  ☺  ☺  ☺ 

Expenses summary / final report             
 
☺ : Rapport d’avancement semestriel/6 month-progress report 

 : Rapport de synthèse et récapitulatif des dépenses/Final report and expenses summary 
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TABLEAU des LIVRABLES et des JALONS (le cas échéant)/Deliverables and milestones 

Tâche 
Task 

Intitulé et nature des livrables et des jalons/ Title and 
substance of the deliverables and milestones 

Date de fourniture  
nombre de mois à 

compter de T0 
Delivery date, in months 

starting from T0 

Partenaire responsable 
du livrable/jalon 

Partner in charge of 
the deliverable/ 

milestone 
Task 1. New paleogeographic maps 

  

Fieldwork 36 1-2 
Database + paleogeographic maps 24 1-2 
Database + paleotopographic maps 48 1 
Report 1 + publication of paleogeographic maps 24 1-2 
Report 2 + publication of paleotopographic maps 48 1-2 

Task 2. Paleoprecipitation maps 

  

Database + Maps 12  1-2 
Climate simulations 24 2 
Report + publication 24 1-2 

Task 3. Siliciclastic flux at continental scale 

  
Database + flux measurement  12 1 
Report + publication  24 1 

Task 4. Thermochronology 

  

~100 additional analyses (surface and borehole samples) 36  1 
Phd student training + thesis  36 1 
 Report + publications  12 - 24- - 36 1 

Task 5. Quantifying topography by integrating the observations 

  

TOPOSED software with constrained parameters 24 1-Rod Brown+Simoes 
Uplift history for Africa over 250 Myr 24 - 48 Idem 
Report + publications 24 - 48 Idem 

Task 6. Mantle and lithosphere dynamics 

  

New coupled mantle flow/surface transport numerical model 36 1+Forte+Rowley 
Simulations of mantle flow and lithosphere deformation 48 1+Forte 
Report + publications 48 1+Forte+Rowley 

Task 7. Feedback to earth surface processes 

  

Database Eustasy 24 1 
Chemical weathering : sampling 12 1-2 
Chemical weathering : laboratory analysis 24 1-2 
Report + publication Eustasy 36 1 
Report + publication chemical/mechanical weathering 48 1-2 

 

 
1.7 Organisation du partenariat/Consortium organisation 
 

To assist with the submission of this project last November (13-16, 2007), we organized a four day international 
workshop in Rennes, entitled “TOPOAFRICA, evolution of the African topography over the last 250My, from the 
sedimentary record to mantle dynamics”, whose objectives were to (1) present our approach, (2) show our preliminary 
results to the best regional expertise, (3) discuss the geodynamic scenarios to be tested, (4) improve our methodological 
approach, and last but not least, (5) invite scientists interested to join the project as formal collaborators, or otherwise. The 
workshop covered several themes discussed over half day sessions, each including a couple of short presentations by a 
project member or invited specialists. Discussed themes ranged from: (1) timing of uplift/subsidence of various parts of 
Africa (2) surface processes: weathering, erosion, mass transfers and climatic controls (3) magmatic and volcanic activity 
of Africa over the last 250 My, and (4) mantle dynamics and its impact on Earth’s topography. The present consortium 
emerged from the fruitful discussions amongst the various specialists that attended the workshop. 
 
1.7.1 Pertinence des partenaires/Consortium relevance 

 
The geological task force is composed of geologists with extensive field experience and a broad overview of their 

disciplines. Most of them are experts in their field analysis speciality but have demonstrable ability to address global 
questions in Earth Sciences requiring interdisciplinary collaborations. They have been working around the world in 
various geodynamic contexts and have refocused several times their research interests during their professional life. We 
have gathered some of the best specialists working today in France on the questions of African uplift and topography, 
encompassing a wide range of Earth science disciplines from hard rock to surface geology, including past and active earth 
surface weathering analysis. This team is strengthened by specialists in surface geochronology, surface processes and 
mantle and lithosphere dynamics modellers as well as paleoclimaticians. This broad disciplinary spectrum allows an 
integrated approach towards understanding continental topographic evolution over many geological space and time scales 
i.e., from long-term (108 yr) mantle dynamics to short term  (105 yr) catchment and basin evolution, and their geodynamic 
implications and consequences. 
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The Rennes geological group has been intimately involved in the development of new sedimentary facies models 
(fluvial, gravitational deposits, S. Bourquin, F. Guillocheau, C. Robin) and concepts in high resolution sequence 
stratigraphy (predictive geometrical models of genetic units, F. Guillocheau). We have performed the synthesis of several 
intracratonic basins such as the Paris Basin, in order to test new concepts in sequence stratigraphy (3D accommodation 
space measurement, deciphering eustasy from various tectonic controls, C. Robin, S. Bourquin, F. Guillocheau). Since the 
end of the 1990s, we have developed a strong expertise on the relationships between deformation and sedimentation in 
various tectonic settings (gravitational normal faults along the Congo Margin, syn-sedimentary anticlines in the South 
Pyrenean foreland basin, gravitational systems of the Niger Delta, D. Rouby, C. Robin, F. Guillocheau). O. Dauteuil 
started to work five years ago on the uplift of passive margins, it causes and geomorphic consequences. He is currently 
managing one of the themes of the INSU “Action Marges”. J.J. Tiercelin joined our group one year ago. He is a world-
known specialist of rift dynamics and infilling. His work on the East African Rift is an international reference. We also 
have been joined by a group of biostratigraphers (L. Bulot, D. Grosheny) and sedimentologists (P. Razin, M. Schüster) that 
are among the best in the French community. We have a long and strong history of collaboration with them. 

 
The Toulouse-Aix geological group has a strong background in surface tropical geodynamics (weathering 

geochemistry and geochronology, cratonic geology and mineral resources, tectonics, magnetostratigraphy, and continental 
sedimentology) as well as in paleoclimates reconstructions and modelling. Through the experience of the Research 
Institute for Development (IRD), which has conducted numerous studies on African lateritic systems in former French 
colonies and allied countries over the past 50 years, the LMTG and CEREGE labs have investigated the feedback 
relationships between laterite dynamics, continental denudation and vertical movements of the lithosphere in contrasted 
tectonic settings of the tropical belt (West Africa, New Caledonia, India). A. Beauvais is a specialist of laterite dynamics, 
probably the only French scientist covering the overall spectrum of expertise in field analysis, petrology, mineralogy, 
geochemistry and geochronology. D. Chardon, a tectonicist specialized in craton geodynamics at various crustal levels, has 
developed over the last 6 years an innovative approach using lateritic paleolandscapes as gauges of continental denudation 
and epeirogeny. They have been joined by a group of young scientists (F. Christophoul, M. Roddaz, S. Rousse, P.-O. 
Antoine) with a marked and complementary expertise in continental sedimentary geology (continental sediment dynamics, 
magneto-stratigraphy, sediment provenance studies, and vertebrates paleontology) and sharing a common experience on 
the Amazonian basin.  

 
The Cergy geological group has an identified expertise on the following fields:  kinematic: modelling of fold-thrust 

structures, analysis of relationships between tectonics, erosion, sedimentation and geomorphological analysis. The group 
has been active in North Africa (Maghreb) for at least 15 years. D. Frizon de Lamotte and P. Leturmy have numerous 
contacts and extensive field experiences in these countries. They are authors or co-authors of reference papers and books 
on the region. Additionally they are in close contact with the national oil companies in Morocco, Algeria, Tunisia and 
Libya (giving an access to subsurface industrial data) and with academic researchers from the national universities. At the 
moment, the group has a research agreement with the TOTAL petroleum company focusing on the subsurface cartography 
of the Phanerozoic basins of the northern part of Africa.  
 

The Paris 7 – IPGP group have great expertise in isotope geochemistry of weathering systems. J. Gaillardet has 
been working on the Congo river and has published the first papers dealing with the chemical composition of the 
sediments transported by the Congo and Niger rivers. He will be involved in geochemical analyses and the interpretation 
of the geochemical signal recorded in the sediments deposited in DSDP sites in South Africa in order to reconstruct the 
history of chemical weathering from the Cretaceous up to now. 
 

Concerning the thermochronology aspects, Kerry Gallagher joined the department in Rennes in December 2007, 
and is currently involved in establishing a new low temperature thermochronology lab. He is recognised as an expert in 
applying inverse modelling to geological problems, and in particular thermochronology data. He has extensive experience 
through case studies in southern Africa, Brazil, India, Norway, Ireland, Greenland and Australia. His main external 
collaborator, R. Brown has worked in Southern Africa for over 20 years, and has well placed contacts and extensive field 
experiences. Additionally, he is a world-recognised expert in low temperature thermochronology (with major project and 
field experience in Antarctica, USA, Australia and Brazil). He directs a major facility in Glasgow with state of the art 
equipment in fission track and (U-Th)/He analysis. He will be closely involved in training the PhD student in analytical 
methods, and also with data interpretation and modelling (both their thermochronology and TopoSed aspects). 
 
 The modelling aspects (surface transport, lithosphere deformation and mantle dynamics) will be coordinated by 
Jean Braun, an expert in numerical modelling of Earth processes, holder of an ANR Chaire d’Excellence Senior in 
Computational Geology. He has extensive experience in the development of innovative numerical methods in crustal and 
lithospheric deformation and surface processes, and their application in many fields of the Earth Sciences. Modelling 
mantle dynamics will be performed by Alessandro Forte (Université du Québec à Montréal  who has developed one of the 
better constrained model of mantle flow based on a wide range of geophysical data which, through the use of a 
sophisticated inverse procedure is also capable of predicting mantle flow for the past 30 Myr and the corresponding 
surface dynamic topography. David Rowley is a geologist at the University of Chicago who has been working with Forte 
on the geological interpretation of surface dynamic topography and its evolution through time. He is also the leader of the 
Paleogeographic Atlas Project at the University of Chicago and will provide up-to-date plate reconstructions for the time 
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period considered. Constraints on lithospheric structure and time evolution will be provided by Stewart Fishwick 
(University of Leceister) who is an expert in the inversion and interpretation of seismic data to constrain the seismic 
velocity structure and anisotropy beneath cratonic areas. He has recently compiled a tomographic (3D) image of the mantle 
beneath Africa. David Bell of Arizona State University is a world expert in mantle xenoliths, and has gathered one the best 
databases pertaining to the present and past structure of the African continent. Y. Goderris and Y. Donnadieux (partner 2) 
are specialized in paleoclimatic modelling. They will work in close relations to the geological task force, especially to 
reevaluate the influence of evolving paleogeographies over climat model.  

 
 

1.7.2 Complémentarité et synergie des partenaires/Added value of the consortium 
 

As shown earlier (see 1.2 and 1.3), it is not possible to quantify past continental topographies with elevation 
differences of a few hundreds to 2000 m, on the basis of geological data alone. A dual approach combining geological 
constraints and quantitative numerical modelling is clearly required. We have thus built a research team providing the 
necessary complementary expertises. This started at the scale of Geosciences-Rennes and progressively at the scale of the 
French scientific community, during weekly meetings between modellers and field geologists, during which the data 
acquisition strategy and interpretation techniques were developed simultaneously in concert with modelling techniques. 
More recently (i.e. during the TopoAfrica Workshop that we organized in Rennes in November 2007), we extended our 
search to other national and international partners. For the most part, we selected partners with whom we have had past 
collaborations has shown below. New collaborations were also established or seeked (D. Bell). 

Members from the Rennes group will provide expertise in fieldwork, geological data collection and interpretation 
(F. Guillocheau, C. Robin, J-J. Tiercelin, S. Bourquin), the construction of a set of large-scale paleo-geographic maps, 
estimates of terrigeneous sediment fluxes into the continent marginal basins (D. Rouby, O. Dauteuil), expertise in 
thermochronology and the acquisition of new low-termperature ages for parts of the continent (K. Gallagher), expertise in 
inverse modelling (K. Gallagher), and in the development and use of numerical models (J. Braun), as well as 
coordination of the project (F. Guillocheau). J. Gaillardet will provide expertise in the acquisition and interpretation of 
geochemical data to constrain the weathering regimes prevailing on the continent. M. Simoes will continue the 
development and use of the TOPOSED model. D. Chardon et A. Beauvais will provide constraints on the Cenozoic 
denudation rates using their expertise in lateritic profile mapping, characterization and dating. Y. Godderis and Y. 
Donnadieu will provide expertise in climate and paleo-climate modelling and a modelling tool (a Global Circulation 
Model) which will also benefit from the constraints provided by the geological data and aspects of the paleogeographic 
maps. R. Brown will provide expertise in the fields of thermochronology and surface processes and its knowledge of the 
southern African geology and geomorphology. Given his local connections and extensive experience of fieldwork in 
Africa, he will join some of the sampling fieldtrips. He will also provide access to the thermochronological lab in Glasgow 
and training/supervision for the PhD student for which funding is requested. This is essential as the low-termochronology 
lab that we are currently developing in Rennes will not be operational in time for this project and current facilities 
(especially in FT dating) in France are unable to satisfy our request for the necessary 100 analyses. A. Forte provides 
expertise in the dynamical modelling of mantle flow as well as a unique numerical tool to compute past and present 
surface dynamic topography at the regional scale. D. Rowley will provide past plate reconstruction necessary for the 
proposed couplings between the topography predicted by the mantle flow calculations and the surface transport model. S. 
Fishwick will provide the seismic 3D seismic tomographic information necessary to constrain the structure of the present-
day lithosphere and, through his future work on this subject, estimates of crustal thicknesses. D. Bell will provide 
constraints from past and present xenolith studies on the time evolution of the uppermost mantle beneath Africa.  

All of these elements are essential to our combined approach to properly understand the nature of the processes 
responsible for the evolution of the long-wavelength topography of the African continent (mostly through quantitative 
modelling) and to document and quantify it through the collection and interpretation of new and existing geological data. 
As stated in their letters of commitment, all partners will also benefit from their involvment in this research project, 
especially through the unique and novel constraints provided by the geological data and the  new-style paleo-geographic 
maps.  

All partners have contributed to the ellaboration of the research plan, at weekly meetings in Géosciences-Rennes, 
at the TopoAfrica meeting in November 2007, and at a meeting in Paris between the French partners (Rennes, Toulouse, 
Paris) in January 2008, and have actively participated in the preparation of this document. 

 Most of the people involved have previously collaborated on different projects. In the frame of the INSU project 
ECLIPSES, the paleoclimate modellers (Y. Donnadieu, Y. Godderis) and some geologists (F. Guillocheau, C. Robin) have 
worked on the Cretaceous climate (sharing a CNRS post-doc). J. Braun has been a member of the Canadian Institute for 
Advanced Research for the past 15 years; during the bi-annual meetings of the CIFAR, he has regularly met and 
collaborated with Alessandro Forte and David Rowley. J. Braun and S. Fishwick have known each other for more than ten 
years and have worked on aspects of the geodynamics of the Australian continent while both at the Australian National 
University. Discussions between the Rennes sedimentological group and J. Gaillardet (IPGP) started four years ago 
regarding chemical erosion laws. In the frame of the GeoFrance 3D project (end 90s), many sedimentary geologists 
discovered the powerful technique of paleoweathering analysis for reconstructing and dating past uplift and topographies. 
The Toulouse-Aix and Rennes groups have been sharing a common scientific objective and a reference case study (Africa) 
for the last 5 years. Past experiences of the two groups (Toulouse-Aix with an on-land paleoweathering and 
paleogeomorphic perspective, and Rennes with a stratigraphical-sedimentary perpective) show the obvious need to 
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collaborate in order to link, both in space and time, onshore denudational chronologies and magnitudes with offshore 
sedimentary record (fluvial, lacustrine and marine). K.Gallagher has worked with Pr. R. Brown, for 15 years and they have 
been co-authors on 15 papers.  

We are actively strengthening existing and developing new collaborations with African colleagues through 
preliminary projects to this proposal (INSU “RELIEF” and GDR1 “!Khure” on the “South African Plateau uplift” – South 
Africa, or the AMIRA consortium – West Africa), contacts with national petroleum agencies (Kenya, South Africa, 
Namibia…), geological surveys and local connections based on the extensive fieldwork experience in Africa of some 
colleagues (D. Frizon de la Motte – “Great Maghreb”, J.J. Tiercelin – “East African Rift”, R. Brown –Southern Africa). 
The project will also benefit from administrative and logistical support from the Institut de Recherche pour le 
Développement (IRD), which has research centres and representatives in most countries Western and NW Africa. 
Training of African students started one year ago (Cameroon, Gabon, funding from their governments). Increasing the 
training component (Master, PhD) of the project is one of our aims for the coming years, with the French Ministry of 
Foreign Affairs as well as through Ph. D. grants from the IRD. 
 
1.7.3 Qualification du coordinateur du projet et des partenaires/Principal investigator and partners : 

résumé and CV 
 
Qualification du coordinateur du projet, François GUILLOCHEAU and experience as Program/Project Manager :  
 

During my early years of scientific activity (1988-1996), I have been highly involved with petroleum and 
parapetroleum industry (Elf, Institut Français du Pétrole). As such, I have been in charge of numerous field projects 
(Switzerland, USA) to develop the first high-resolution stratigraphic models. I then have developed the Sedimentology 
group of Geosciences Rennes (Université de Rennes 1/CNRS), involving now 12 permanent staff, on themes like (1) 
sedimentary basins synthesis (mainly the Paris basin: correlation of 1500 wells, databases; 3D accommodation 
quantification, 3D deformation and sedimentation quantification, fluid flow modeling, etc….) in the framework of large 
national programs (Geofrance3D, Intérieur de la Terre) and (2) the interaction between deformation and sedimentation 
(in extensional and compressional domains – financing by petroleum industry). Since 2004, I initiated the project “Earth 
Ancient Reliefs” with a part at global scale (financing by the INSU “Reliefs de la Terres” program) and a higher resolution 
part dedicated to Africa (own resources financing). The initial stage of the project has been made of targeted regional field 
projects: the uplift of the South African plateau (INSU/Reliefs, GDRI !Khure) or the continental sediments of North Africa 
(BRGM). The project “Earth Ancient Reliefs” was a significant theme renewal making use of our expertise, initiated by 
collective choice and discussions of modelers and geologist and a personal choice as well (I was at mid-term of the UMR 
Geosciences Rennes direction at the time). 
 
See annexe for Cvs and list of participants 
 
1.8 Accès aux grands instruments/Access to large facilities 

 
 None 

 

1.9 Stratégie de valorisation et de protection des résultats/Data management, data 
sharing, intellectual property strategy, and exploitation of project results (1/2 page 
maximum) 

 
 No industrial partners currently involved in the project 
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